Colonization with Trichomonas vaginalis is a possible cause of poor pregnancy outcome. To facilitate the diagnosis of this condition during pregnancy, we conducted a prospective, multicenter study of 13,816 gravid women who were between the 23rd and 26th week of gestation. Findings significantly associated with T. vaginalis colonization included a yellow, green, or bloody discharge from the vagina or cervix; abnormal odor after KOH was added to a vaginal specimen; a vaginal pH of >5.0; and cervical friability. The amount of vaginal discharge and abnormal consistency of the discharge were also associated with T. vaginalis colonization. These findings (except for cervical bleeding and odor after the addition of KOH to a vaginal specimen, which may be influenced by the presence of other flora) are consistent with those reported elsewhere. The clinical usefulness of these features is minimal, and it is more significant that other microorganisms are markers for trichomoniasis; therefore, controlling for other flora is important in the investigation of T. vaginalis colonization. 
Trichomonas vaginalis infection is estimated to be one of the most prevalent sexually transmitted diseases, occurring in 2-3 million individuals annually in the United States [1] . Several studies have associated T. vaginalis with symptoms of a yellow vaginal discharge and vulvar irritation, as well as signs of a purulent vaginal discharge, vulvar and vaginal erythema, and colpitis macularis ("strawberry cervix") in nonpregnant women [2, 3] . However, these symptoms and signs have a low sensitivity and low positive predictive value.
Furthermore, the symptoms and signs of T. vaginalis infection during pregnancy, when physiological changes could alter the clinical findings, have not been widely studied. T vaginalis has also been associated with other coexisting genital infections [3] . Therefore, the presence of other infections needs to be controlled for in any analysis of symptoms and signs of T. vaginalis infection.
T. vaginalis causes vaginitis in nonpregnant women, but it does not appear to cause serious morbidity. However, T. vaginalis infection during pregnancy may represent a more serious condition. T. vaginalis infection in pregnancy has been associated with preterm delivery and premature rupture of the fetal membranes [4-7]. In addition, T. vaginalis infection in neonates has been reported [8-10]. Thus, it may be important to identify and treat T. vaginalis infection during pregnancy.
One helpful step to this end would be the determination of clinical signs sufficiently sensitive and specific for identifying pregnant women at high risk for T. vaginalis infection. However, many physical findings classically ascribed to T vaginalis are also markers for other infectious agents (e.g., Candida species) that are commonly found alone or in concert with T. vaginalis. In any event, the sensitivity and specificity of these signs have not been extensively studied in pregnant women certainly not in large cohorts.
We present the results of a multicenter study to investigate the epidemiology of a number of vaginal microorganisms found in the gravida and their effect on pregnancy outcome. This paper details the clinical and microbiological findings associated with 7'. vaginalis infection during pregnancy. who were symptomatic (e.g., those who complained of vaginal discharge) were examined, appropriately treated, and considered ineligible for this observational study. Patients enrolled in the study were subsequently observed through delivery and puerperium. Only data collected at the initial study visit are included in this report.
For the initial pelvic examination, a sterile, nonlubricated, speculum was placed in the patient's vagina. A record was made of the amount and character of the vaginal fluid, the appearance of the vaginal walls, friability of the cervix, appearance of the cervix, and the character of the endocervical mucus. (To standardize the classifications of the physical findings in the examination, a set of photographs depicting the various possible clinical findings was circulated among the investigators at the various study centers.) The vaginal pH was tested with colorpHast indicator paper (MCB Reagents, Gibbstown, NJ), and the odor of the vaginal fluid was noted both before and after the addition of KOH.
For the recovery of T. vaginalis, a cotton-tipped plastic swab was used to obtain a specimen of vaginal fluid from the posterior fornix. The swab was inoculated into a tube of modified Diamond's medium. At each study center, aliquots of the culture were examined microscopically under 400 X power after incubation at 37°C in room air at 2-3-day intervals. Motile, oval, flagellated protozoans seen in the specimen were considered diagnostic of T. vaginalis. If no organisms were detected after 5 days of incubation, the culture was considered negative. Culture was considered a more objective means of diagnosing trichomoniasis than was a wet mount, and because culture was therefore subject to less variation among the study centers, it was the diagnostic standard used for this study.
After the swab specimen for culture was obtained, 3 mL of prereduced sterile phosphate-buffered saline solution was placed in the patient's vagina. Vaginal discharge was mixed with the solution and plated on media for the recovery of multiple bacterial species, as previously reported [11] . Endocervical material was also obtained for culture of Neisseria gonorrhoeae, Chlamydia trachomatis, and group B streptococci [11] .
Data collection was coordinated by the Research Triangle Institute, Research Triangle Park, North Carolina. Univariate associations between the recovery of T. vaginalis from cultures and physical findings during the initial pelvic examination as well as univariate associations between T. vaginalis and other microorganisms recovered from the initial cultures were identified with use of the x2 test. Multiple logistic regression was then used to calculate adjusted odds ratios with 95% confidence intervals for those physical findings and microorganisms that were independently associated with carriage of 7'. vaginalis [12] . Analysis was performed with the Statistical Analysis System package (SAS Institute, Cary, NC) [13] .
Results
The results of cultures for T vaginalis were available for 13,816 patients enrolled in the study between 1 November 1984 and 31 March 1989. The majority of patients were members of an inner-city, indigent population. As reported previously, the overall prevalence of T. vaginalis in the total study group was 12.6%; local prevalences ranged from 8.5% to 21.8% among the seven centers [14] .
In the univariate analysis, 11 physical findings were significantly associated with the detection of T. vaginalis infection at the initial pelvic examination (table 1) , including the use of a douche within 24 hours of the examination. The recovery of 13 other microorganisms was significantly related to T. vaginalis infection (table 2). While most organisms were positively associated with T. vaginalis, both Escherichia coli and Lactobacillus species were negatively associated. In addition, women with bacterial vaginosis, as detected by gram staining [15] , were slightly but not significantly more likely to be simultaneously infected with T vaginalis than were women without bacterial vaginosis (13.3% vs. 12.4%, respectively; P = .3). This finding has been noted for, adolescents by other investigators [16] .
Seven microorganisms remained independently associated with T. vaginalis infection in the logistic regression analysis, including E. coli, which remained negatively associated (table 3). Logistic regression analysis was then performed in two stages on the physical findings (table 4). In the first analysis (of the physical findings alone), seven signs and symptoms were independently related to T. vaginalis infection (table 4).
These findings included a vaginal discharge that was characterized as yellow, green, or bloody (P < .001); that was copious in amount (P < .001); and that had an abnormal consistency (P < .001), elevated pH (P = .02), and abnormal odor after the addition of KOH (P .001). The findings also included a yellow, green, or bloody cervical discharge (P = .04) and cervical friability (P < .001).
Given that the presence of other flora could influence the physical findings, the second logistic analysis adjusted for microorganisms. In this analysis, the physical findings independently predictive of T. vaginalis infection included five signs and symptoms (table 4). These signs and symptoms included a vaginal discharge characterized as yellow, green, or bloody (P < .001) that was copious (P = .02) and of abnormal consistency (P = .001); cervical friability (P < .001); and cloudy and/or opaque cervical mucus (P < .05).
The clinical utility of these physical findings was limited (table 5) . When the presence of any t*o of the five physical findings was considered as a potential aid in the selection of the patient with a culture positive for T. vaginalis, the highest specificity was 65.5%, the maximum sensitivity was 48.5%, and the predictive value of the positive test was at most only 16.8%. The presence of three or more findings as screening criteria increased the specificity to only 87.2%, dropped the sensitivity to only 24.0%, and decreased the positive predictive value to 21.3%. The specificity of the classic clinical marker of trichomoniasis (i.e., a copious, yellow, green, or bloody discharge) is high (97.7%), with a positive predictive value of 28.9%; however, its sensitivity was only 6.4%. Finally, in the original design of the study by the Vaginal Infections and Prematurity Study Group, the consensus was that the results of culture for T. vaginalis would be more reproducible among the study centers than would data from vaginal wet mount preparations; in addition, culture is generally considered more sensitive. However, one study center (University of Washington) had collected wet mount data on 570 culture specimens. A comparison of the use of wet mount vs. culture is presented in table 6 and demonstrates that the wet mount preparation is very specific but not sensitive enough to be used to reliably detect T. vaginalis in asymptomatic pregnant women.
Discussion
The sexually transmitted organism T. vaginalis is a common cause of vaginitis. T. vaginalis infection during pregnancy has lately been implicated as a cause of adverse pregnancy outcome and neonatal infection. Premature rupture of the membranes [4] [5] [6] , prematurity [4, 7] , and low birth weight [7] have all been associated with the organism in various studies. Infection with T. vaginalis has been documented to cause vaginitis and respiratory tract infection in neonates [8] [9] [10] . The association of vaginal infection with poor pregnancy outcome is not surprising since various cellular and immunochemical pathways (e.g., granulocyte elastase production by WBCs that are attracted locally by infection) are implicated in the pathophysiology of prematurity [17] . Data from a chorioamniotic membrane explant model [18] indicate that maternal T vaginalis infection may significantly reduce the bursting tension of the fetal membranes to half that of normal.
It is clear that the clinical implications of trichomoniasis during pregnancy, although still under scrutiny, are potentially important, and further study of the exact effect of T vaginalis on pregnancy outcome is needed.
The problem of identifying women with trichomoniasis has long been recognized. Clinical findings such as frothy discharge and strawberry cervix in the nonpregnant patient, while statistically associated with the infection, are not sensitive or specific enough to rely on with any degree of confidence [2] [3] . More precise criteria are clearly desirable. The potential risk of T. vaginalis infection during pregnancy makes the identification of the infected gravida all the more important.
On the basis of previously reported analyses of women in our study, it was clear that a number of demographic and behavioral parameters such as black race, cigarette smoking, educational level, and level of sexual activity are statistically associated with T vaginalis infection during pregnancy [14] . However, these observations are also not clinically useful predictors of infection because of their poor specificity and sensitivity, both individually and in combination.
In the current analysis of clinical findings, the same problem arises. Although statistical significance is reached when T. vaginalis infection during pregnancy is associated with signs and symptoms including vaginal discharge, cervical mucus, and cervical friability, none of these factors alone or in combination has sufficient sensitivity and/or specificity to be used to identify the majority of infected patients with any degree of confidence.
One interesting result of these analyses is the finding of the significant correlation of T. vaginalis infection with the presence of other microorganisms, many of which produce clinical symptoms that are similar to those produced by T. vaginalis. A number of these other organisms have been implicated in the etiology of adverse pregnancy outcome. While the negative association of Lactobacillus with T. vaginalis infection in the initial computations might suggest that Lactobacillus is somehow protective against trichomoniasis, the fact that this association did not persist through the logistic regression analysis indicates that there is no association.
On the other hand, the persistently negative association of E. coli might indicate that E. coli and T vaginalis interfere with each other, although the clinical implications of this possibility are not clear. In any case, as the role of genitourinary tract microorganisms in adverse pregnancy outcome is further investigated, it will be important to consider such potential interactions. The presence of other microorganisms associated cial to avoid laboratory evaluation in the treatment of women with vaginitis [19, 20] , it is clear from the results of present study that at least during pregnancy, there are no sensitive parameters or combination of parameters that would successfully identify the group of women requiring treatment or, at least, further testing. It appears that to effectively detect T. vaginalis in an otherwise asymptomatic pregnant woman, some sort of culture must at least be performed. As stated above, culture is superior to examination of a wet mount preparation (performance of both is most efficacious), as has been previously demonstrated by other investigators [21] .
Second, not only does the presence of some microorganisms indicate an increased risk of T. vaginalis infection, but the presence of T. vaginalis indicates the probability that a number of other microorganisms such as N. gonorrhoeae or C. trachomatis, which have widely recognized clinical implications in pregnancy, are present. T. vaginalis therefore constitutes a marker for the presence of other sexually transmitted infectious agents that have already been accepted as clinically important during pregnancy.
